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Introduction
It is well known that mold slags* play a declsive role in lubrication and heat transfer control in the continuous casting moldl) when steels are cast. Various studies 2, 3) have shown that the slag film formed between mold and strand contalns three layers: a glassy zone close to the mold, a crystalline layer in the center and a liquid film in contact with the steel. The proportion of crystalline and glassy phases in the slag film have been reported to help control the heat transfer rate in the mold4~6); however, as yet there has been no quantification of the speclfics of mold slag crystallization or of the temporal development of the crystalline fraction. It is postulated that those slags which develop a crystalline layer at higher temperatures allow a reduction in the heat transfer rate between the mold and strand7,8) and this design criteria has proved to be effective in the reduction of surface defects, mainly when peritectic steels are cast.7,9,10) Slags with a high crystallization tendency are always used at lower cast speeds as these slags (1998) . No. 4 (Fig. 3(c) ).
3.2.
Results of in Situ Observation Figure 4 shows the comparison of crystal irnage precipitated in the undercooled sample between an industrial mold slag (a) and a simulated mold slag (b), (3.8masso/oNa20-6.8masso/oAl20344.7masso/oSi02-44.7massoloCaO, C/S= l). Simulated mold slag experiments were carried out using the DHTT (Fig. 4(b) (Fig. 4(a) ).
In Fig. 4(a) (Fig. 3(a) ) and the crystals began to be observed from the tip of thermocouple.
When the experimenta] temperature decreased to 1 009'C, the size of crystals were very small and it was difficult to measure the initial crystal size accurately (Fig. 7) . To examinethe morphology of the crystals, the sample was quenchedfrom 1 200'C after crystallization had initiated. Figure 8 shows Figure 10 shows the high temperature X-ray diffraction patterns below I 048'C. It was confirmed that the crystal phase below I 048'C was Cuspidine (Ca4Si207F2, ASTM41-1474).The height of peaks decreased with increasing temperature, which means that the crystal becameunstable close to I 048'C. Because of the upper temperature limit of the high temperature X-ray diffraction device, ordinary X-ray diffraction was carried out to characterize the higher temperature phases using quenchedsamples which were melted on the hot thermocouple at each temperature, held until crystallization finished and then quenchedby a gas jet (cooling rate~~1 50'C/s). x-ray diffraction patterns between quenchedsample and sample at high temperature. (Cu-Ka) temperature X-ray diffraction at I 1 50'C and ordinary X-ray diffraction of sample quenchedfrom 1 150'C. It was found that the phase was 2CaO • Si02 in both cases. Figure 12 shows ( 1 142 (1) where n represents the mechanismof crystal (Fig. 2Run A) ISIJ International, Vol. 38 (1 998), No. 4 in Fig. 19 
